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Abstract 
 
A MEMS based in-plane fibre optic alignment device based on a scalable folded buckling mode electro-thermal microactuator 
has been developed. The bi-directional fibre alignment device, for use with standard single mode optical fibres, is formed from 
two opposed microactuators, and includes an etched channel with microsprings for fibre retention. The device is fabricated by 
deep reactive ion etching (DRIE) of bonded silicon-on-insulator. The optical/electrical/mechanical characteristics of the 
MEMS fibre aligner have been measured. The drive efficiency of the actuator peaks at around 6µm/Watt, whilst when 
configuring the device as a single mode fibre variable optical attenuator the fibre-to-fibre attenuation of the device is 24dB 
before failure. 
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1 INTRODUCTION 
 
The controlled coupling of light between two optical fibres 
or between a fibre and an integrated optic or 
semiconductor device remains an important function in the 
packaging of optoelectronic components.  
Microelectromechanical systems (MEMS) technology has 
been used to construct a range of actuators for optical fibre 
alignment and switching applications [1, 2]. The greatest 
effort on moving optical fibres has concentrated on using 
electrothermal actuation [3], since large forces can be 
obtained from this family of actuators. 
 
This paper describes a compact design of an active fibre 
aligner based on a folded, buckling mode electrothermal 
microactuator. Design, fabrication and measurements on 
the device are presented. Use of the active aligner device 
for controllable coupling of light between two single mode 
fibres in a variable optical attenuator configuration is 
demonstrated. 
 
DESIGN AND FABRICATION 
 
Figure 1 shows a schematic of the device. The actuator 
consists of two sets of inclined, parallel, cantilever beams 
which are tethered at one end and linked together at the 
other. The first set (referred to as “hot arms”) is divided 
into two halves, which are connected in series and heated 
electrically. The second set (referred to as “cold arms”) 
acts as a tether for the first and they carry no electrical 
current. Differential thermal expansion between the two 
sets of beams gives rise to a lateral deflection.  
 
The electromechanical performance of the actuator is 
governed by the Young’s modulus EA, Poisson’s ration νA, 
linear expansion coefficient αA, thermal conductivity KA 
 
 
 
Figure 1.  Folded buckling actuators for fibre alignment 
and resistivity ρA of the actuator material; the Young’s 
modulus EF and diameter dF of the optical fibre; and the 
geometric parameters, such as beam number N, beam 
length L, hot arm width w1, cold arm width w2, link bar 
width w3, hot arm angle θ1 and cold arm angle θ2. In 
practice, the maximum obtainable deflection will be 
limited by thermal failure, noting that the hottest part of 
the device is located at the centre of the link bar. 
 
The actuator array has been modeled using a simulation 
package IntelliSuite to obtain the electro-thermal-
mechanical behaviour of the actuator array. Based on these 
simulation results, prototype devices were fabricated in 
commercially available bonded silicon-on-insulator 
(BSOI) material using single layer patterning and etching 
by DRIE, followed by HF etching to release the devices. 
The BSOI was obtained as 4” diameter (100) orientated 
wafers with a device layer thickness of 85µm and a buried 
oxide thickness of 2 µm. Figure 2 shows a SEM image of 
a single alignment device before optical fibre insertion. 
The devices were sputter-coated with 100 nm Cr and 300 
nm Au to allow electrical connection. Devices were 
fabricated with parameters N = 9, L = 4 mm, d = 50 µm, 
1 
w1 = 20 µm, w2 = 20µm and w3 = 100 µm. A fixed angle 
of θ2= 1º was chosen, and the angle θ1 was varied from 1º 
to 5º. The fixed end of the fibre is located by 8 pairs of 
springs, each 20 µm wide and 400 µm long, distributed 
evenly over a length of L0 = 4 mm, so that the overall 
device length is L0 + L = 8 mm. 
 
 
Figure 2. SEM image of a completed actuator 
 
TESTING 
 
Figure 3 shows the measured variation of the power 
sensitivity (defined as the unloaded actuator 
deflection/applied power) with angle θ 1, for a complete set 
of actuators. The device with θ 1 = θ 2 = 1º has almost no 
sensitivity; high sensitivity is obtained for θ1 = 2º, and the 
sensitivity then gradually falls as θ1 increases. Also shown 
is a comparable set of measured data for devices with 
narrower and more flexible cold arms (w2 = 10 µm). 
Similar behavior is again displayed, but, as might be 
expected, the power sensitivity is higher still.  
 
Figure 3. Experimental variation of the power sensitivity 
of deflection with θ1, for unloaded devices with w2 = 20 
and 10 µm. 
 
The variation of tip displacement with electrical drive 
power for an actuator with N = 9, L = 4 mm, θ1 = 2o and 
θ2 = 1o, has been measured for both the loaded and 
unloaded cases. In each case, the variation is quasi-linear, 
and maximum displacements of 26 µm (unloaded) and 12 
µm (loaded) were obtained at the maximum power used (≈ 
6 W). Optical transmission between two single mode 
fibres was measured using a broad band source (an 
Agilent 83438A erbium ASE source) and an Agilent 
86140B optical spectrum analyser. All power 
measurements were referenced to the maximum initial 
throughput of light between the fibres, which had a ≈ 40 
µm axial separation. The maximum attenuation that could 
be consistently achieved was ≈ 21 dB; this device was 
thermally damaged at 24 dB attenuation, when the applied 
power was ≈7 W. These results, shown in Figure 4 
demonstrate the controllable alignment between single 
mode fibres. 
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Figure 4. Variation of optical transmission at λ = 1550 nm 
with electrical power, for a device with θ1 = 2o 
 
This performance is sufficient for variable optical 
attenuator (VOA) operation. The VOA approach described 
here has the advantage of a reduction in the number of 
surfaces from which undesired optical reflections and 
scatter may occur. 
 
4 CONCLUSIONS 
 
A scalable electrothermal microactuator has been 
designed, analysed, fabricated and experimentally 
evaluated for application in an optical microsystem that 
allows in-plane fibre alignment or variable optical 
coupling between two coaxial single mode optical fibres. 
DRIE processing has been used to realise the fibre aligner. 
The method of construction employed would allow a 
number of enhancements to be incorporated relatively 
simply. For example, a clamp mechanism could be 
fabricated in the device layer, or an additional actuator for 
out-of-plane motion could be incorporated in the substrate.  
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